INTRODUCTION
Historically, the genus Eubacterium has largely been defined by default and, prior to the introduction of taxonomic methods based on phylogeny, contained a large number of heterogeneous species. Recent studies have confirmed the phylogenetic diversity of this group, and a number of new genera have been created for species formerly classified as Eubacterium within both the phyla Actinobacteria (high GjC) and Firmicutes (low GjC). These include Slackia (Wade et al., 1999) , Eggerthella (Wade et al., 1999) , Cryptobacterium (Nakazawa et al., 1999) and Collinsella (Kageyama et al., 1999) within the Actinobacteria and Bulleidia (Downes et al., 2000) and Mogibacterium (Nakazawa et al., 2000) within the low GjC group. There remain a number of, as yet, unclassified taxa. Moore et al. (1982 Moore et al. ( , 1983 Moore et al. ( , 1985 identified many of these taxa in studies of the microflora associated with different clinical forms of periodontitis. These taxa were grouped on the basis of phenotypic tests, protein profiles and fatty acid methyl ester analysis. One such group described by Moore and colleagues is Eubacterium D23, nine strains of which were examined in this study.
METHODS
Bacterial strains. The strains included in the study were originally isolated by W. E. C. Moore and colleagues at the Virginia Polytechnic Institute (VPI) and were kindly donated 02122 # 2002 IUMS Printed in Great Britain to us by Dr Anne Tanner. Nine strains were studied : strains VPI D027F-10, D082J-12A, D065C-30, D061B-03 and D118B-24A were isolated from periodontal pockets (5-7 mm deep) in adults with periodontal disease and strains VPI D143K-13 T , D133C-17, D145G-28 and D137H-30 were isolated from subgingival plaque from gingival crevices of probing depth 2-3 mm from 12-to 14-year-olds in a twin study.
Morphology. Strains were grown at 37 mC on Fastidious Anaerobe Agar (FAA ; LabM) supplemented with 5 % (v\v) horse blood under anaerobic conditions (80 % N # , 10% H # , 10 % CO # ). Colonial morphologies were determined using a plate microscope after incubation for up to 10 days. Cellular morphology was recorded after Gram staining of 3-day plate cultures. Hanging-drop preparations of 18 h cultures of peptone\yeast extract\glucose (PYG) broth were examined by phase-contrast microscopy for cellular motility.
Individual colonies from 10-day FAA plates were removed from the plates together with a block (5 mm$) of agar. The colony and attached agar were placed in 2n5% (v\v) glutaraldehyde for 4 h at 4 mC. Samples were transferred to 10 % (v\v) ethanol for 10 min, 70 % (v\v) ethanol for 30 min and then washed three times in 100 % ethanol for 20 min. Samples were placed in a critical point drier (K850 ; Emitech), mounted onto aluminium stubs using silver colloidal paint (Emitech), sputter-coated with gold (K550 ; Emitech) and then viewed by scanning electron microscopy (S-3500N ; Hitachi).
Ultrastructure. Transmission electron microscopy was used to examine the cell-wall ultrastructure. Cells were fixed in 2n5% (v\v) glutaraldehyde in 0n2 M Sorensen's buffer and then washed in the same buffer. The cells were post-fixed in 1% (w\v) osmium tetroxide, dehydrated by a graded series of ethanol, treated with propylene oxide and embedded in TAAB epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate for transmission electron microscopy (H7600 ; Hitachi).
Biochemical tests. Fermentation tests were performed using pre-reduced, anaerobically sterilized sugars (Holdeman et al., 1977) except that the pre-reduced, anaerobically sterilized media were prepared in an anaerobic workstation using pre-reduced distilled water. Other biochemical tests were performed as described by Holdeman et al. (1977) and Summanen et al. (1993) . Sensitivity to bile was determined by comparing growth of strains on FAA with and without 2% (v\v) oxgall after 5 days incubation. Spore formation was assessed by both direct microscopic examination and culture following killing of vegetative cells by heating to 80 mC for 10 min.
Metabolic end-product analysis. Bacterial strains were grown in PYG broth and short-chain volatile and non-volatile fatty acids were extracted by using standard methods (Holdeman et al., 1977) . Analysis was performed by GC with a capillary column coated with CP-Wax 58 stationary phase.
Protein profiles. Protein profiles of whole-cell proteins were generated by SDS-PAGE using 10-15 % gradient gels and the PhastSystem (Pharmacia) as described previously (Slayne et al., 1990) , except that the cells were pre-treated with lysozyme (50 µg ml − ") for 3 h at 37 mC and vortexmixed for 4 min with 0n1 vols 100 µm diameter glass beads before boiling.
Enzyme profiles. Enzyme profiles were generated with the Rapid ID32A anaerobe identification kit (bioMe! rieux) according to the manufacturer's instructions. Bacteria were harvested from blood-agar plates [Blood agar base no. 2 (LabM) supplemented with 5 % (v\v) horse blood] incubated anaerobically at 37 mC for 72 h. All strains were tested on at least two occasions.
16S rRNA gene PCR and sequencing. DNA was isolated from the bacteria by standard methods. The 16S rRNA gene was amplified by using a PCR with primers 27F and 1492R (Lane, 1991) . PCR amplification was performed with a Uno II thermocycler (Biometra) using PCR buffer (Bioline) containing 1n5 mM MgCl # , 200 µM dNTPs, 1 mM each oligonucleotide primer, 1 U Taq DNA polymerase (Bioline) and template DNA in a total volume of 100 µl. Thirty amplification cycles were performed using a denaturing temperature of 94 mC for 1 min, annealing at 54 mC for 1 min and elongation at 72 mC for 2 min. PCR products were sequenced directly using a dye terminator cycle sequencing kit with AmpliTaq FS (Perkin Elmer) and 60 ng template DNA, according to the manufacturer's instructions. Sequencing was performed using an automated sequencer (ABI 377 ; Perkin Elmer) with primers 27F, 342R, 357F, 519R, 907R, 926F, 1100R, 1114F, 1392R and 1492R (Lane, 1991) .
Sequence analysis. Sequences were connected using  (Hitachi) and then submitted to the Ribosomal Database Project II (Maidak et al., 2001) , via the web, for provisional identification using the I program. From the phylogenetic position indicated by I, related sequences were selected from sequence databases and aligned by means of   (Thompson et al., 1997) . Further analysis was performed using the  suite of programs (Felsenstein, 1993) . Specifically,  was used to compare sequences by means of the Jukes-Cantor algorithm and  was used to construct phylogenetic trees, which were viewed using  (Page, 1996) .
Estimation of GjC contents of DNAs. The GjC contents of DNAs were estimated by using an HPLC method as described previously (Wade et al., 1999) .
RESULTS
Cells were obligately anaerobic, non-spore-forming, non-motile, Gram-positive short bacilli occurring singly, in pairs, short chains and diphtheroid arrangements (Fig. 1a) . Many cells were curved, the amount of curvature varying between cells. The colony morphology was variable, three distinct phenotypes being observable. After 5 days incubation on FAA plates, colonies were, on average, 0n9 mm in diameter, circular and entire, with a grey, low-convex centre surrounded by a flat, translucent margin. This colony type is designated the A type. Upon further incubation, smaller, satellite colonies (B type) arose on the periphery or within the original colonies (Fig. 2) . These satellite colonies were approximately 0n2-0n3 mm in diameter, convex, circular, entire, off-white, semi-opaque and shiny. It was not possible to separate colony type B from the primary A type. A third colony type (C) was seen in plate cultures after 6 days incubation. These were irregular, cream-coloured and opaque. Upon subculture, these resulted in colonies approximately 0n6 mm in diameter, circular, entire, high-convex, cream-coloured and opaque after 5 days incubation. This phenotype was stable upon sub- sequent subculture. Gram-staining of cells forming the C-type colony showed their morphology to be identical to those of the A type (Fig. 1b) .
Type-A colonies giving rise to the B-type satellite colonies were examined under the scanning electron microscope to determine if two cellular forms could be seen. Fig. 3(a-c) shows an example of a 10-day-old colony at increasing magnifications. Fig. 3(c) shows the junction between the primary (A) and satelliting (B) colony forms, and it can be seen that the organisms in both regions are of identical cellular morphology, although the cells in the B-type colony are more closely 20n1, 24, 29, 36, 45, 55, 66, 84, 97n4, 116 and 205 kDa). packed. ' Sectoring ' of the primary colony can also be seen in Fig. 3(a) .
Transmission electron microscopic examination of ultrathin sections through the cells showed the presence of a typical Gram-positive cell wall, approximately 25 nm thick (Fig. 4) .
Protein profiles of A and C colony types for strains D027F-10, D143K-13 and D061B-03 are shown in Fig. 5 . Overall, the profiles were very similar ; there were some differences between strains, but there were no consistent differences between the A and C colony types. Phylogenetic analysis of the 16S rRNA gene sequence of strain VPI D143K-13 T placed this organism within the phylum Firmicutes and most closely related to the species Butyrivibrio fibrisolvens (90n8 % 16S rDNA sequence similarity), Pseudobutyrivibrio ruminis (90n1%), Eubacterium rectale (90n3%), Eubacterium ramulus (90n2 %) and Roseburia cecicola (90n8 %) (Fig.  6 ). Bootstrap analysis of the dendrogram showed that the branching arrangement of these species should not be relied upon, although they can be confidently assigned to this group as a whole. In addition, approximately 550 bases of 16S rDNA were sequenced for strains D027F-10, D082J-12A, D061B-03, D133C-17, D118B-24A and D145G-28 between positions 357 and 907 (Escherichia coli numbering). This stretch of sequence includes the variable regions V3-5 (Neefs et al., 1993) . Over 453 aligned bases, each strain had 99 % sequence similarity to each other strain. In addition, DNA was extracted from the A and C colony types for strains D143K-13 T , D065C-30 and D133C-17 and the 16S rRNA gene was sequenced over the same region. Over 458 aligned bases, the sequences for the A and C colony types were identical for strains D065C-30 and D133C-17 and differed by one base for strain D143K-13 T .
DISCUSSION
Phenotypic tests showed the nine strains to constitute a homogeneous group. Phylogenetic analysis of representative strains showed that this taxon constitutes a deep branch within the low GjC Gram-positives, most closely related to Butyrivibrio fibrisolvens, Pseudobutyrivibrio ruminis, Eubacterium rectale, Eubacterium ramulus and Roseburia cecicola. However, the 16S rDNA sequence showed less than 91 % similarity to these species, indicating that this taxon represents a novel genus and species, for which we propose the name Shuttleworthia satelles gen. nov., sp. nov. Shuttleworthia satelles, in common with all the species listed above, was saccharolytic, produced butyric acid as a by-product of fermentation and showed some degree of growth stimulation in the presence of fermentable carbohydrates in broth media. The curved morphology of Shuttleworthia satelles cells was also similar to that of these related species, with the exception of Eubacterium ramulus, which has regular, straight bacilli (Moore et al., 1976) . Characteristics that distinguish Shuttleworthia satelles from these closely related species are listed in Table 2 . Although strains of Butyrivibrio fibrisolvens stain Gram-negative, they have been shown to have a Grampositive ultrastructure with a very thin wall (Bryant, 1986) .
The appearance of the satellite colonies arising from the primary colonial form resembled that of a contaminating organism depending for growth on the primary colony. However, exactly the same appearance was seen in all nine strains, discounting this possibility. Furthermore, the scanning electron micrographs revealed that the morphology of cells in the two colony forms was identical. The sectoring apparent within the colonies was also of interest. This phenomenon is known to arise from spontaneous chromosomal rearrangement during growth, and has been described in Pseudomonas tolaasii, in which the duplication of a 661 bp element was shown to be responsible (Han et al., 1997) . It is also interesting that the A and C colony types of Shuttleworthia satelles exhibited different patterns of sugar fermentation. It is possible that a chromosomal rearrangement, responsible for the change in colony morphology, also disrupted genes encoding sugar-fermentation enzymes. 16S rDNA sequence analysis revealed no differences between the cells forming the A and C colony types. We are therefore confident that a single organism is responsible for the formation of the three colony types.
Description of Shuttleworthia gen. nov. Shuttleworthia (Shutt.le.worhthi.a. N.L. n. Shuttleworthia named to honour Cyril Shuttleworth, the distinguished British microbiologist). Shuttleworthia satelles (sat.ellhes. L. n. satelles a satellite or attendant upon a distinguished person, referring to the satelliting appearance of older cultures).
The description is based on nine strains isolated from the human oral cavity. Cells are obligately anaerobic, non-spore-forming, non-motile, slightly curved, Gram-positive, short bacilli (0n4-0n6i1-2n5 µm), occurring singly, in pairs, as short chains and as diphtheroidal arrangements. The colony morphology is variable and consists of several different phenotypes. After 5 days incubation on FAA plates, colonies are, on average, 0n9 mm in diameter, circular and entire, with a grey, low-convex centre surrounded by a flat, translucent margin. Upon further incubation, smaller, satellite colonies arise on the periphery and from within the original colonies. The satellite colonies are 0n2-0n3 mm in diameter, high-convex, circular, entire, off-white, opaque and shiny. A further colony type is approximately 0n6 mm in diameter, circular, entire, high-convex, cream-coloured and opaque after 5 days incubation. Growth in broth media is good and growth supplements are not required. Fructose, glucose, maltose, melezitose, rhamnose, sucrose and trehalose are fermented, some strains ferment lactose and mannitol and sorbitol is not fermented. Cells forming the cream, high-convex colony type ferment arabinose, cellobiose, melibiose and salicin, while those forming the grey, low-convex colony type either do not ferment these sugars, or only a minority of strains do so. There are no other biochemical characteristics that differ between colony types. Moderate amounts of acetate, butyrate and lactate are produced as end products of glucose metabolism in PYG. Aesculin is hydrolysed and indole is produced. Nitrate is not reduced ; arginine and urea are not hydrolysed. Gelatin is not liquefied and H # S and catalase are not produced. There is no growth in 20 % bile. The Rapid ID 32A profile is 45"\ & 0 2000 00. The GjC content of the DNA of the type strain is 51 mol %. The type strain is strain DSM 14600 T (l CCUG 45864 T l VPI D143K-13 T ). Isolated from human subgingival plaque and periodontal pockets in patients with periodontitis.
